ABSTRACT. We measured the plasma ghrelin and cortisol concentrations in non-lactating cows under fixed-time feeding conditions followed by an acute or gradual fasting treatment. During the 4 days before fasting, animals in Group 1 were fed a fixed amount of rations at 0800 and 1600 hr, and those in Group 2 were fed a gradually reduced amount. Thereafter, the plasma ghrelin concentrations of each animal were measured for 40 hr. The plasma ghrelin concentrations, which were low at the onset of fasting, increased before and after 0800 during fasting in Group 1, but not in Group 2. There were no significant differences in the plasma cortisol concentration within or between the groups. It was demonstrated that acute fasting induces elevation of the plasma ghrelin concentration, but that gradual fasting does not. This result suggests that fixed-time and fixed-quantity feeding caused a daily ghrelin rhythm in the cow and that this rhythm influenced changes in plasma ghrelin.
Ghrelin is secreted from the stomach into the systemic circulation and influences growth hormone secretion and feeding behavior, thereby playing an essential role in the maintenance of energy balance in humans and laboratory animals [1, 9] . Generally, this hormone increases before feeding and decreases with feeding [3] . In cattle, the plasma ghrelin concentration has been shown to increase during a negative energy balance and decrease during a positive energy balance [2] .
We previously investigated the changes in plasma ghrelin concentrations in cows fed at scheduled times [6] . In this study, cows were fed at 0800 and 1600 hr, and the plasma ghrelin concentrations gradually increased for 8-10 hr before feeding, decreased at feeding time and then formed a daily ghrelin rhythm. This result agreed with previous studies of sheep fed at scheduled times [7, 8] .
In the present study, we investigated the effect of acute or gradual fasting on plasma ghrelin. We also measured the plasma cortisol concentration to evaluate the stress reaction to restricted feeding. Eight non-lactating Holstein cows (age, 5-12 years) housed in a free stall barn of Kitasato University were given free access to food (dried Italian ryegrass hay) and water for 3 months before the experiment. All animal use conformed to the guidelines governing animal experimentation published by Kitasato University.
The first group of animals (Group 1, n=4, body weight 731.3 (102.8) kg) was fed 6 kg (dry matter) of long-stemmed Italian ryegrass hay and 3 kg (DM) of long-stemmed alfalfa hay (dairy hay) at 0800 hr and 1600 hr on days −3 to day 0. The amount of feed was based on the Japanese Feeding Standard for Dairy Cattle (1999, National Agriculture and Food Research Organization). After the feeding at 1600 hr on day 0, the animals were fasted until 0800 hr on day 2 (for 40 hr). The second group of animals (Group 2, n=4, body weight 725 (61.2) kg) had the same feeding schedule as Group 1 on day −3. Thereafter, the quantity of food was reduced by 25% on day −2, 50% on day −1 and 75% on day 0. Then, the animals were fasted until 0800 hr on day 2 (for 40 hr).
Blood sampling started just after feeding at 1600 hr on day 0. Blood was collected from the jugular vein at 2-hr intervals until 0800 on day 2 (for 40 hr). Samples were immediately placed into heparinized tubes containing aprotinin (10 IU/ml of blood; Trasylol; Bayer Yakuhin Ltd., Osaka, Japan) and centrifuged at 1,600 g for 10 min at 4° C. Plasma was stored at −80°C.
Ghrelin was measured by time-resolved fluoroimmunoassay at the High-tech Research Center of Kitasato University. The antibody for ghrelin and ghrelin standard were gifted by M. Kojima and K. Kangawa [4, 5] . The methods for measuring the concentration of this hormone are well established, and they were used in our previous research [6] . Each assay was performed in triplicate. The intra-and inter-assay CVs were 12% and 14%, respectively.
Cortisol concentrations were measured by RIA in a clinical laboratory test at SRL Inc. (Tokyo, Japan). The reliability of this system is high, and it is regularly used for diagnostic purposes at the Kitasato University Veterinary Teaching Hospital. The intra-assay CV was under 10%.
Significant differences in hormone concentrations between the groups were analyzed by repeated two-way ANOVA and Tukey's test (P<0.01), and significant changes in hormone concentrations were analyzed by Dunnet's test (P<0.01) using Excel Toukei (SSRI, Osaka, Japan). In Group 1, the plasma ghrelin concentration was about 0.1 ng/ml at the start, increased to 0.2 ng/ml after 6-8 hr and remained at that level until 0800 on day 1. After 0800 on day 1, the plasma ghrelin concentration increased and reached 0.5-0.6 ng/ml. In Group 2, the plasma ghrelin concentration was about 0.1 ng/ml at the start and gradually increased up to 0.2 ng/ml. After 2400 on day 0, the plasma ghrelin concentrations of Group 1 were significantly higher than those of Group 2. No significant increase was observed before or after 0800 on day 1 (Fig. 1) .
The Group 1 animals were fed at fixed times until day 0 as in our previous study [6] . Under these feeding conditions, the plasma ghrelin concentration decreased to about 0.1 ng/ ml just after feeding time and increased to 0.2 ng/ml at 6-8 hr after feeding. Therefore, if the Group 1 animals had been fed at 0800 on day 1, the plasma ghrelin concentration might have fallen and the daily rhythm might have been maintained. The results suggested that fasting at the feeding time caused the further increase in ghrelin. The ghrelin increase before and after 0800 on day 1 was not observed in Group 2, probably because a daily rhythm was not maintained when the amount of food was gradually reduced. It is interesting that the starting concentrations of ghrelin were the same in Groups and lower in Group 2 at the end of study, because the group 2 animals had been fed reduced rations and might have been in a more negative energy balance condition than Group 1. Because the cortisol concentration did not change in either group of animals, it was suggested that these acute and gradual fasting animals were not under severe stresses (Fig. 2) . Van der Walt et al. [10] reported that the plasma cortisol concentration remained within the normal range for 72 hr of food deprivation in oxen. Some researchers reported that the plasma ghrelin concentration changed diurnally in sheep fed at fixed times, but not in animals fed ad libitum [8] . They asserted that this was probably stimulated by psychological factors. Animals fed at fixed times memorize the feeding time and expect food, and when food is not given at that time, the anxiety over food might increase, and ghrelin secretion might be stimulated. Our results are in agreement with this supposition, with this discussion, though further research is required to consider the psychological factors.
In conclusion, the present study suggested that the plasma ghrelin concentration is influenced by a diurnal rhythm of feeding and that if the rhythm is disturbed, ghrelin secretion may be stimulated.
